A regular wormhole solution in gravity coupled with a phantom scalar and electromagnetic fields is found. The solution exists for a special choice of the parameter f of the potential term. The mass m of a wormhole filled with a phantom and electrostatic fields is calculated. It is shown that close to some point f0 a small value of the mass m is the remainder of two big masses of the phantom and electrostatic fields. The connection with the renormalization procedure in quantum filed theory is considered. The connection between Wheeler's idea "mass without mass" and renormalization procedure in quantum field theory is discussed.
I. INTRODUCTION
One of the greatest problems in physics is an inner electron structure. In classical and quantum electrodynamics it is considered that electron is a point-like particle. For example, Feynman diagram technique in quantum electrodynamics is based on the assumption that electron is a point particle. Only in this case the calculations based on this technique are valid. This technique is based on that the interaction between electron and photon takes place in a vertex, i.e. in a point. It means that we assume tacitly that electron is a point-like.
In classical electrodynamics there is a well known the paradox that the mass m E of the electric field of the electron has an infinite value
where e is the electron charge, and E is the electric Coulomb field. The integral diverges on the lower limit as one believes that an electron is a point-like charge. In quantum electrodynamics there exists a renormalization procedure. In particular, a renormalized electron mass is the remainder between a "bare" mass and a "counter-term". Both quantities are infinite but their remainder is finite one and it is equal to the observed electron mass.
At the beginning of last century Einstein have assumed an idea that the electron is not a point-like but is a wormhole. Further this idea was developed by J. Wheeler [1] . He called such structure as "mass without mass" and "charge without charge".
Last decade there were observational facts speaking about accelerated expansion of the presented Universe [2] [3]. The probable explanation of such fact is that the Universe is filled with dark energy. Dark energy has a negative pressure that leads to the antigravity and accelerated expansion of the Universe. One of model of dark energy is a phantom matter [4] [5] with negative kinetic term.
In this paper we would like to show now one can bring together these ideas ("mass without mass", phantom fields and the renormalization procedure from quantum field theory), and to show that this approach is related to an inner structure of an electron. In order to elaborate this idea we consider a wormhole filled with phantom scalar and electric fields. We show that, in some sense, such construction models a mass renormalization of a point-like charge without spin.
II. MASS "RENORMALIZATION" ON THE BACKGROUND OF A PHANTOM WORMHOLE
In this section we will consider the electric field distribution on the background of a wormhole created by a phantom scalar field.
Let us consider Maxwell's electrodynamics on the background of Minkowski spacetime. The classical electron radius r e , is calculated from the definition of the energy of the electric field
where E is the Coulomb field and r e is r e = e 2 2m e c 2 ∼ 10 −13 cm.
The modern experimental data evidence that the electron has not any structure on the scale r ∼ 10 −13 cm. Now we would like to consider a wormhole in gravity coupling with a phantom scalar field. The Lagrangian of the system is
In Ref. [6] it is shown that in such system there exists the following (probably the simplest) wormhole solution
Let us consider now electrostatic field on the background of the wormhole (5) -(7). The Maxwell equation
give us the electric field
where g is the determinant of the metric (5). The mass of the wormhole (5) includes the masses of electrostatic (9) and scalar (6) fields
here T 0 0 is the energy-momentum tensor for the phantom field φ
and m E = In order to make the wormhole mass (10) equal to the electron mass m e = m wh , it is necessary to have the following size of wormhole mouth
We see that by choosing q one can make r 0 as small as possible. If q = e − δ and δ ≪ e then r 0 ≈ π 2 e m e c 2 δ ∼ δ e r e ≪ r e .
III. PHANTOM WORMHOLE FILLED WITH ELECTRIC FIELD
The calculations show that a wormhole solution created by electric and massless phantom fields has a negative energy. In order to avoid this problem we add a potential energy term for phantom scalar field to the Lagrangian (4)
where the potential energy for the phantom scalar field is
and µ, f are some parameters. The field equations are
where T ν µ φ,em are the energy-momentum tensors for the phantom scalar and electromagnetic fields, respectively, and κ = 8πG/c 4 . We search a spherically symmetric wormhole solution with the metric
After substitution into the Einstein equations (16), we have the following ( 
here d(· · · )/dx = (· · · ) ′ ; x = µr;fφ = φ;f 2 /κ = f 2 ;qf = q; x 0 = µr 0 and the solution of the Maxwell equation (20) is
The field equation for the spherical symmetric phantom field φ is
The functions ν(r), A(r) are even functions and φ(r) is odd function
Taking into account (27) we find the following constraints
Thus the boundary conditions we choose in the form
The condition (29) follows from the fact that we can choose arbitrary the time scale in the metric (22). We will seek for asymptotically flat solutions.
IV. MASS "RENORMALIZATION"
The mass of an asymptotically flat solution is given by the formulã
is the mass of the phantom field and
is the mass of the electrostatic field
The numerical analysis shows that regular solutions exist only for a special choice of the parameter f = f * . This means that we have a nonlinear eigenvalue problem. The results of numerical calculations 1-4 are presented in Fig's .
In Fig. 5 the profile of m(f * ) is presented. In Table I the values of q, f * and m(f * ) are presented. One can find a fitting curve for the points m(f * ) and m φ,E m(f * ) = −180.491 + 2.03601x + 0.431101x 
when
If we would like to havem = m e and choose x 0 = µr = 1 then If we take a minimal length in Nature, 1/µ ∼ 10 −33 cm, then
We see from Fig. 5 that at this point −m φ ∼ m E ∼ 10 2 , i.e. that
It happens in quantum field theory that a bare mass m b and a renormalization mass m r are infinite (m b = ∞ and m r = ∞) but the remainder between them is finite
where m e is the observable electron mass. In our situation we have m φ,E = ∞ but
Another interesting feature of a phantom regularization considered here is that we have one to one correspondence between the mass m(f * ) and the chargeq: for every q there exists an exceptional value of f * and correspondingly only one value of the mass m(f * ). One can say that the electric charge is quantized by the phantom regularization of the mass of the wormhole filled with the electric charge.
V. DISCUSSION AND CONCLUSIONS
We have shown that in gravity + phantom scalar field + electromagnetism there exists a regular wormhole solution for a special choice of parameters, i.e. the problem of finding of regular solutions in this approach is a nonlinear eigenvalue problem. In this approach there exists one to one correspondence between the electric charge and the mass of a wormhole. For every pair there exists only one regular wormhole solution for a special choice of the parameter f of the potential energy of the phantom scalar field.
On the basis of calculations presented here we can hypothesize that if an electron has an inner structure (which can be explained in quantum gravity) then a phantom scalar field (in an effective manner) models (mimics) the renormalization procedure in quantum field theory.
Thus here we bring together three ideas: "mass without mass", phantom fields and renormalization procedure from quantum field theory. The result is: probably in quantum gravity these ideas can be connected and give us an inner structure of the electron.
